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The second harmonic electron cyclotron heating by 
extraordinary (X-) mode injection is a main heating 
method in LHD plasmas. In the ECH system of LHD 
three 168GHz gyrotrons are now operable to heat high 
density plasmas at about 3 Tesla of confinement mag-
netic field. Total injection power now reaches 0.6 
MW. A cut-off electron density for the X-mode per-
pendicular propagation is 1. 75 x 1020 m - 3 , whereas it is 
0.88 x 1020m-3 for fundamental 0 -mode ECR of 84GHz 
at 3 Tesla. The absorption rates of such waves are ex-
pected to be the same order and the optical thickness 
depends on ne x Te in linear absorption regime. 
As an auxiliary heating source 168GHz power has 
been almost perpendicularly injected into NBI and/or 
ICRF sustained plasmas with line average electron den-
sity ne < 1 x 1020m-3 and electron temperature Teo < 
several keV at magnetic field of 2.75 - 2.903 Tesla. 
We investigated heating efficiency of additional ECH 
on the target plasmas in various conditions. To keep 
the condition as similar as possible, the target plasma 
was produced by NBI for first 2 sec. and after 0.3 sec. 
overlapping it was sustained by ICRF power only. Ad-
ditional ECH of about 0.3 sec. was turned on in an 
NBI or ICRF sustained phase by changing the injection 
timing. The confinement field strength is 2.8 T and the 
magnetic axis was placed on 3.6 m. 
Absorption coefficients which were evaluated by the 
rate-of-change analysis of plasma stored energy WP are 
plotted as a function of the stored energy Wp (ex ne x 
Te) in Fig. 1. Better absorption is observed for ECH 
in the ICRF sustained plasma than NBI sustained one, 
although the electron temperature of the ICRF plasma 
is lower than the NBI plasma when the line averaged 
electron density is nearly the same. Behavior of high 
energy ions was also investigated. Figures 2 and 3 show 
the energy spectrum of ions from 1 Oke V to 60ke V energy 
range. ECH power is injected in NBI phase in Fig.2 and 
injected in ICRF phase in Fig.3, respectively. In the 
lower electron density discharges (ne ~ 0.7 x 1019m - 3 ) 
an increase of high energy ions is observed in only ICRF 
sustained phase during an ECH pulse, not observed in 
NBI sustained phase. This phenomenon suggests that 
electron heating could affect the confinement of high 
energy ions only in ICRF plasma. In the higher density 
regime (ne ~ 1.5 x 1019m - 3 ), such increase is observed 
in both ICRF and NBI sustained plasmas, which could 
attributes to the increase of a slowing down time of high 
energy ions due to bulk electron heating. 
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Fig. 1: The absorption coefficient of ECH power is plot-
ted to plasma stored energy Wp for additional ECH in 
both ICRF and NBI sustained plasma. The open marks 
correspond to the data evaluated at ECH turn-on timing 
and the closed marks to ECH turn-off timing. 
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Fig. 2: High energy ion spectrum (10-60keV) for ECH 
injection in NBI sustained phase. ne ~ 0. 7 x 1019 m - 3 
ICH plasma 
Fig. 3: High energy ion spectrum (10-60keV) for ECH 
injection in ICRF sustained phase. ne ~ 0. 7 x 1019 m - 3 
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